RM2:  rms error comparisons by Rice, R. F.
General Disclaimer 
One or more of the Following Statements may affect this Document 
 
 This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 
 
 This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 
 
 This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 
 
 This document is paginated as submitted by the original source. 
 
 Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 
 
 
 
 
 
 
 
Produced by the NASA Center for Aerospace Information (CASI) 
https://ntrs.nasa.gov/search.jsp?R=19770004774 2020-03-22T11:55:22+00:00Z
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Technical Memorandum. 33-804
RM2: rms Error Comparisons
(NASA-CR-149150)	 PM2: rms ERROR
COMPARISONS (Jet Propulsion Lab.)	 12 p
HC A02/MF A01	 CSCL 09B
N77- 11717
Unclas
G3/61 54502
1^ 2^2^ 5 Cy^S^76,`^
r`^
^
r Noy NO
JET PROPULSION LABORATORY
CALIFORNIA INSTITUTE OF TECHNOLOGY
PASADENA, CALIFORNIA
September 15. 1976
1. Report No.	 g3-804 2. Government Accession No. 3. Recipient's Catalog No.
4. Title and Subtitle 5. Report Date September 15, 197
RM2:	 RMS ERROR COMPARISONS 6. Performing Organization Code
7. Author(s) 8. Performing Organization Report No.
R. F. Rice
9. Performing Organization Name and Address 10. Work Unit No.
JET PROPULSION LABORATORY
11.	 Contract or Grant No.California Institute of Technology
4800 Oak Grove Drive NAS 7-100
13. Type of Report and Period CoveredPasadena, California 91103
Technical Memorandum12. Sponsoring Agency Name and Address
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 14. Sponsoring Agency Code
Washington, D.C. 20546
15, Supplementary Notes
16. Abstract
This parer uses the root mean square error performance measure to compare
the relative performance of several widely known source coding algorithms
with the RM2 image data compression system. 	 The results demonstrate that
RM2 has a uniformly significant performance advantage.
17. Key Words (Selected by Author(s)) 18.	 Distribution Statement
Communications
Instrumentation and Photography Unclassified -- Unlimited
Mathematical and Computer Sciences
(General)
Optics
19. Security Clossif.	 (of this	 report) 20.	 Security Classif.	 (of this page) 21. No. of Pages 22.	 Price
Unclassified Unclassi fied
1
6L,
l!
k
s
	
i
i
TECHNICAL REPORT STANDARD TITLE PAGE
MNATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Technical Memorandum 33-804
RM2; rms Error Comparisons
R. F. Rice
S
'r
A
3
f'J
a
k
JET PROPULSION LABORATORY
CALIFORNIA INSTITUTE OF TECHNOLOGY
PASADENA, CALIFORNIA
September 15 1976
J
3
33-804
'	 a
I
^
r.
3
i
`a
PREFACE
The work described in this report was performed by the Information
Systems Division of the Jet Propulsion Laboratory.
1
33-804
ACKNOWLEDGMENT
The author expresses his gratitude to Dr. Chialin Wu for computer
simulations of comparison algorithms and Dr. Ed Hilbert for his suggestions.
iv
1
ir
I
tt
i
t.
F:
l
T
;r
t
i
{
V
Y
t
33-804
CONTENTS
	
INTRODUCTION ...................................... 	 1
	
RMS ERROR RESULTS .................................	 1
Source Picture
	 .. .... ....... .....................	 1
Error Criterion .. .. ....... .........	 .............	 2
	
Algorithm . ........ ... .... ..... .................	 2
Graphical Results	 .. ......... ................... ..	 3
Conclusions	 . ............................... ... .	 4
	
REFERENCES .......................................	 5
i
33-804
ABSTRACT
This paper uses the root mean square error performance measure to
I
compare the relative performance of several widely known source coding
algorithms with the RM2 image data compression system. The results
demonstrate that RM2 has a uniformly significant performance advantage.
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INTRODUCTION
F	 E
An Advanced Imaging Communication System (AICS) is described in 	 @
Ref. 1. Central to AICS is an adaptive image data compression algorithm
called RM2, also described in Ref. 1. As noted, RM2 provides the user with
broad flexibility to maximize his scientific information return. Virtually any
compression factor may be selected on a frame by frame basis. More important,
RM2 provides high rate/quality performance at all rates.
An independent"science value study" conducted by Cutts and Lebofsky (2)
investigated comparisons of the rendition of morphological features by RM2 and
a set of easily implemented spatial edit and interpolation algorithms. This 	 3
study concluded that RM2 offers a factor of 4 to 6 improvement in information
a
return.
)
The AICS channel coding provides a powerful and practical solution to S
the error vulnerability problem associated with the use of data compression.
It is clear from Refs. 1 and 3-5 that the concatenation of Reed-Solomon block i
codes with Viterbi decoded convolutional codes assures that the potential gains
of RM2 can be fully realized as an "end-to-end" advantage.
Although inferior in performance, the spatial edit algorithms do provide
rate/quality tradeoffs which are very easy to implement. As such they are i
part of the Mariner Jupiter/Saturn 77 imaging system. Thus the above
performance comparisons between the spatial edit algorithms and RM2 are
quite useful. The purpose of this paper is to extend the RM2 performance
comparisons to widely known source coding algorithms. Of the several
standard criteria used for quantitative comparisons of image quality, we elect
to use root mean square error (rmse).
RMS ERROR RESULTS
it
Source Picture
The monochrome source image we will use for comparisons is one of 	 j
three selected by scientists to use in the science value study noted earlier(2).
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The image is a 512 by 768 picture element (pixel) array derived from the
Mariner 73 Mercury flybys. 	 Quantization is at 8 bits/pixel. 	 It contains both a
$high detail and low detail areas in addition to a gradual shift in average bright-
ness from one side to the other. 	 Visual examples resulting from application of
RM2 to this image can be found in Ref. 1.
t
Error Criterion
A
Letting xis be a picture element in the source image and x is the same -
reconstructed picture element after decompression, rms error will be
computed as )
rmse= 1 /N	 (x	 -is 	 ii	 (1)
i.J
where N is the total number of picture elements.
Algorithms
2DAH and 2 DAF.	 The familiar Hadamard and Fourier transform -
1 techniques (6-81 were simulated in two-dimensional adaptive forms identified as
2DAH and 2DAF respectively. 	 These same algorithms were used by
Hilbert (9], [10] to provide comparisons with a new multi-spectral algorithm,
CCA+.
The Hadamard transform approach involved taking the Hadamard
transform of all 8 x 8 subsets of the image. 	 The 64 coefficients were placed
a in 9 zones, each of which had the quantization and corresponding bit rate per
coefficient based on the variance, or energy of the coefficients in the zone.
The Fourier transform technique was similarly adaptive; but in addition
i
a symmetrical transform approach was used which doubly folded each data
i
t,
+CCA is principally aimed at reducing future Landsat data volumes while
at the same time drastically reducing ground processing requirements for
automatic classification.
2
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subset to provide horizontal and vertic.11 symmetry. This symmetry reduces
the intensity discontinuities at the boundaries due to the low pass filtering.
Since the adaptive bit allocation for both the Hadamard and Fourier
transforms is performed in an "open loop" fashion the actual bits/picture used
is a priori unknown. Thus these are not fixed-rate algorithms.
RHD. Chialin Wu provided a fixed rate algorithm for comparison by
modifying the transform-dpcm systems in Ref. 8. In the latter systems,
a one-dimensional transform is applied along a line followed by line to line
dpcm coding of the resulting coefficients. Wu l s modification flattens the
distribution of energy in the transform domain. This leads to a simpler dpcm
subsystem which in addition seems less susceptible to variations in data
characteristics. The modification has worked best using the Hadamard
transform which is performed here on blocks of 256 elements. The combined
algorithm, to be treated in a later paper, will be called the RHD algorithm.
Graphical Results
The graphical results are shown in Fig. 1 where picture rate (in bits/
pixel) is shown as the ordinate ana rmse of 1q. 1, appears as the abcissa.
Selected rates for RM2 were 0. 5, 0.66, 1. 0, 1. 33, 1.6 and 2,.0 bits/
pixel. Observe that in addition to these choices any arbitrary selection of data
rate could be made. Such rate control is part of the algorithm (I I . Thus the
heavy line drawn between sample points in Fig. 1 is quite meaningful.
More typically for fixed rate algorithms, each optional rate requires
some increase in complexity of the given algorithm. This is true of the RHD
algorithm for which results are shown at 1. 0, 1. 6, Z. 0, 2. 33, and 2.66
bits/pixel. Similarly spatial edit algorithms were run at 1. 0, 2. 0, and 4.0
bits/pixel. Sample points are connected with dashed lines. 	
^) fi
The two-dimensional adaptive Hadamard (2DAH) and Fourier (2DAF)
algorithms were run at several different internal parameter settings which
yielded several different average rates in bits/pixel. Such rates would he
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data dependent and a priori unknown. The adaptive algorithms performed
noticeably better than fixed rate non-adaptive versions (not shown). Sample
points are shown connected by short dashed lines.
By the rmse performance measure, the graphs in Fig. 1 show that RMZ
has a uniformly significant performance advantage over several other widely
known source coding algorithms.
0	 2	 3	 4	 5
rmse
Fig. 1. Rate vs. rmse
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